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REMARKS 

The Applicants note that all amendments and cancellations of Claims are made without 
acquiescing to any of the Examinees arguments or rejections, and solely for the purpose of 
expediting the patent application process in a manner consistent with the PTO f s Patent Business 
Goals (PBG), 1 and without waiving the right to prosecute the cancelled claims (or similar claims) 
in the future. 

The Examiner has stated that the previously filed Invention Disclosure Statement of 
05/10/2004 failed to comply with 37 CFR 1.98(a)(2) because the IDS does not include a legible 
copy of the Ford et al., Science 2001; 291:1051 reference (Office Action, pg. 3). The Applicants 
have attached a new copy of the Ford et al. reference to this communication and respectfully 
request that the reference be considered. 

In the Final Office Action dated 10/3 1/06, the Examiner issued two rejections. Each of 
the rejections is discussed below. 

I. The Claims are Definite 

The Examiner rejects Claims 1 and 3-1 1 under 35 U.S.C. 112, second paragraph, as 
allegedly being incomplete for omitting essential steps (Office Action, pg. 3). The allegedly 
omitted steps are: a reference or control. The Applicants respectfully disagree. Nonetheless, in 
order to further the business interests of the Applicants and while reserving the right to prosecute 
the original (or similar) claims in the future, the Applicants have amended Claim 1 to include 
additional language of an absence of antibodies to HEP1 being indicative of an absence of 
prostate cancer in the subject. As such, the Applicants believe that the rejection should be 
withdrawn. 

II. The Claims are Enabled 

The Examiner rejects Claims 1-1 1 under 35 U.S.C. 1 12, first paragraph, as allegedly 
lacking enablement (Office Action, pg. 4). In particular, the Examiner states 'Thus, the claims 
imply that the presence or absence of antibodies to HIP1 in any sample can be used to detect 
any/and or all cancers." (Office Action, pg. 4). The Applicants respectfully disagree. The 

1 65 Fed. Reg. 54603 (Sept., 8, 2000). 
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claims are clearly directed towards detection of prostate cancer: "wherein the presence of 
antibodies to HIP1 in said sample is indicative of prostate cancer in said subject" (Claim 1). 
Nonetheless, in order to further the business interests of the Applicants and while reserving the 
right to prosecute the original (or similar) claims in the future, the Applicants have amended the 
preamble of Claim 1 to refer to a method for detecting prostate cancer. The Applicants have 
further amended Claim 1 to specify that the sample is a serum sample. As such, the Applicants 
submit that the Examiner's statement that the claims are directed towards detecting any cancer in 
any sample is moot. ^ 

The Examiner further states: "In other words, 25% of the prostate cancer patient cohort 
was positive for a humoral response to HIP1, whereas 39% of the "normal" patient cohort were 
positive. In view of this teaching, it appears that the presence of antibodies to HIP, e.g., positive 
humoral response to HIP1, would be more indicative of a "normal" patient and not of a patient 
suffering from prostate cancer." (Office Action, pg. 6). The Applicants respectfully disagree. 
The Applicants attach hereto a publication by the inventors utilizing a larger cohort of patients 
that demonstrates, per the teachings of the specification, a correlation between antibodies to HIP1 
and prostate cancer (Bradley et al., Cancer Res. 65:4126 [2005]). In particular, Figure 3 
(Western blot; pg. 4130) and Figure 4 (ELISA; pg. 4131) demonstrate that a higher percentage of 
prostate cancer patients relative to control individuals demonstrated a humoral response to HIP1. 
As such, the Applicants submit that the application is enabled for detection of a correlation 
between serum antibodies to HIP1 and prostate cancer. Accordingly, the Applicants submit that 
the claims are enabled and respectfully request that the rejection be withdrawn. 
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CONCLUSION 

If a telephone interview would aid in the prosecution of this application, the Examiner is 
encouraged to call the undersigned collect at (618) 218-6900. 



Dated: January \ 7.007 




Tanya A Arenson 
Reg. No. 47,391 

Medlen & Carroll, llp 
101 Howard Street, Suite 350 
San Francisco, California 94105 
608.218.6900 
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hours after transfection. COS-7 cells were incubat- 
ed with EGF (0.1 ftg/ml) [biotinylated. complexed 
to Texas Red-streptoavidin (Molecular Probes, Eu- 
gene. OR)] in binding buffer [20 mM Hepes-NaOH 
(pH 7.5). 130 mM Nad. and 0.1% bovine serum 
albumin] at 4°C for 60 min. Internalization of ECF 
was allowed by incubation in Dulbecco's modified 



Eagle's medium at 37°C for 10 min, then excess 
ECF was removed with 0.2 M AcOH (pH 2.5) and 
0.5 M NaCl at 4°C for 5 min. Cells were fixed in 
3.7% formaldehyde, permeabilized with 0.2% Tri- 
ton X-100. and immunostained with a polyclonal 
antibody to myc (Santa Cruz Biotechnology, Santa 
Cruz, CA) and fluorescein isothiocyanate-conju- 



gated antibody to rabbit (Organon Teknika, Boxtel, 
Netherlands). Internalization of ECF was observed 
by confocal microscopy (Bio-Rad). 
37. We thank Y. Watanabe (Ehime University, Japan) for 
providing us with various synthetic phosphoinositides. 

16 October 2000; accepted 15 December 2000 



Simultaneous Binding of 
Ptdlns(4 f 5)P 2 and Clathrin by 
API 80 in the Nucleation of 
Clathrin Lattices on Membranes 

Marijn G. J. Ford, Barbara M. F. Pearse, Matthew K. Higgins, 
Yvonne Vallis, David J. Owen, Adele Gibson,* Colin R. Hopkins/ 
Philip R. Evans.f Harvey T. McMahonf 

Adaptor protein 180 (AP180) and its homolog, clathrin assembly lymphoid 
myeloid leukemia protein (CALM), are closely related proteins that play im- 
portant roles in clathrin-mediated endocytosis. Here, we present the structure 
of the NH 2 -terminal domain of CALM bound to phosphatidylinositol-4,5- 
bisphosphate [Ptdlns(4,5)P 2 ] via a lysine-rich motif. This motif is found in other 
proteins predicted to have domains of similar structure (for example, Hun- 
tingtin interacting protein 1). The structure is in part similar to the epsin 
NH 2 -terminal (ENTH) domain, but epsin lacks the Ptdlns(4,5)P 2 -binding site. 
Because AP180 could bind to Ptdlns(4,5)P 2 and clathrin simultaneously, it may 
serve to tether clathrin to the membrane. This was shown by using purified 
components and a budding assay on preformed lipid monolayers. In the pres- 
ence of AP180, clathrin lattices formed on the monolayer. When AP2 was also 
present, coated pits were formed. 



Budding of clathrin-coated vesicles is a pro- 
cess by which cells package specific cargo 
into vesicles in a regulated fashion (J -3). 
Important functions are the uptake of nutri- 
ents, the regulation of receptor and transport- 
er numbers on the plasma membrane, and the 
recycling of synaptic vesicles. API 80 and 
AP2 are both major components of clathrin 
coats. AP2 is a heterotetrameric complex that 
binds to phosphoinositides in the membrane 
and to the cytoplasmic domains of membrane 
proteins destined for internalization (/, 3, 4). 
AP2 binds clathrin and can stimulate clathrin 
cage assembly in vitro (5, 6). It also interacts 
with a range of cytoplasmic proteins includ- 
ing AP180 (7). Like AP2, AP180 also binds 
directly to clathrin and can stimulate clathrin 
cage assembly in vitro, limiting the size dis- 
tribution of the resulting cages {8-11). The 
related proteins, CALM (API 80-2. a close 
homolog of synaptic API 80), LAP (the Dro- 
sophila API 80 homolog), and UNC-11 (the 
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Caenorhabditis elegans homolog), are all im- 
plicated in clathrin-coated vesicle endocyto- 
sis (12, 13). CALM was identified and named 
because of its homology to API 80 and to 
reflect its involvement in t(I0;ll) chromo- 
somal translocations found in various leuke- 
mias (14). Disruptions of the LAP and Unc- 
11 genes impair clathrin-dependent recycling 
of synaptic vesicles, resulting in fewer vesi- 
cles of more variable size. The NH 2 -terminal 
domain of API 80 (AP180-N) shows the 
highest degree of conservation across API 80 
homologs, and binds to inositol polyphos- 
phates (10, 15, 16), whereas the COOH- 
terminal domain contains the putative clath- 
rin- and AP2-binding sites (Fig. 1A). 

When expressed in COS-7 fibroblasts, both 
full-length API 80 and AP180-C (residues 530 
to 915) inhibited uptake of epidermal growth 
factor (EGF) and transferrin (17) (Fig. IB), as 
is the case for CALM (18). Clathrin was redis- 
tributed in transfected cells, and we noted fewer 
coated pits per unit of cell surface-membrane 
length (8% of control, Fig. 1C). This showed 
that endocytosis was inhibited by blocking 
clathrin-coated pit formation, consistent with 
the ability of the COOH-terminus to bind clath- 
rin and to stimulate cage assembly in vitro 
(8-11). However, AP180-N overexpression did 
not inhibit EGF or transferrin uptake (Fig. IB). 



It had no apparent protein-binding partners but 
is more localized to the plasma membrane, 
consistent with binding to polyphosphoinosi- 
tides (15, 16). 

To probe the molecular basis of phospho- 
inositide interactions, we solved the structure 
of the NH 2 -terminal domain from the close 
API 80 homolog, CALM, at 2 A resolution 
(19, 20) (crystals of API 80-N did not diffract 
well). There were nine a helices forming a 
solenoid structure (Fig. 2). This is reminis- 
cent of other protein families formed from a 
superhelix of a helices such as the armadillo 
(21) and tetratricopeptide repeat (22) do- 
mains, but it is most similar to the ENTH 
domain of epsin (23) (Fig. 2B). The first 
seven helices of epsin superimposed well on 
those of CALM. In epsin, however, the final 
a8 helix folded back across the others, 
whereas in CALM the final three long helices 
continued the solenoidal pattern. Because of 
the high sequence homology of CALM-N 
and API 80-N (81% sequence identity) (Fig. 
2), we can safely assume that the NH 2 -termi- 
nal domain of API 80 has the same structure. 

X-ray data were collected at 2 A resolution 
from CALM-N crystals soaked in a series of 
inositol phosphates and phospholipids. Binding 
was observed for inositol hexakisphosphate (D- 
wyo-inositol- 1 , 2,3,4,5, 6-hexakisphosphate, 
InsP 6 ), inositoI-4,5-bisphosphate [lns(4,5)P 2 ], 
and a soluble short-chain (diC 8 ) L-a-D-myo- 
phosphatidylinositol-4,5-bisphosphate. No sig- 
nificant binding was observed in the crystal for 
short-chain (diC 8 ) L-a-D-myo-phosphatidylino- 
sitoI-3,4,5-trisphosphate. The binding site is 
unusual (Fig. 2): Typical ligand-binding sites 
on proteins lie in a pocket or groove, but this 
site is on the surface, with the phosphates 
perched on the tips of the side chains of three 
lysines and a histidine, like a ball balanced on 
the fingertips. In all ligands, only the two 
phosphates were well ordered and contacted the 
protein. The cluster of lysines and histidine 
formed a marked positively charged patch on 
the surface (Fig. 2C), appropriate for a phos- 
phate-binding protein. 

Database searches with the API 80-N/ 
CALM-N identified several classes of related 
sequences (Fig. 2H). First, there were the 
members of the API 80 family itself, with a 
conserved NH 2 -terminal domain, having 
PtdIns(4,5)P 2 -binding motifs, which we iden- 
tified from the observed binding in the crys- 
tal, K(X) 9 KX(K/R)(H/Y). The COOH-termi- 
nal domains of these proteins contain clath- 
rin-binding motifs (3, 24), as well as Asp- 
Pro-Phe (DPF)-like a- and 3-adaptin- 
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binding motifs (7, 25) and Asn-Pro-Phe 
(NPF) motifs, which bind to Epsl5 homology 
(EH) domains (26) (see Fig. 1A). Second, 
there were other proteins similar to API 80, 
containing the PtdIns(4,5)P 2 -binding motifs, 
but having unrelated COOH-terminal re- 
gions. Of these proteins, Huntingtin interact- 
ing protein I (HIP1) and SLA2p have actin- 
binding regions in their COOH-termini. 
Third, there were the epsin-related proteins; 
these showed a lower sequence homology in 
the NH 2 -terminus but shared the same struc- 
ture for at least the first 140 residues (Fig. 2). 
They lack completely the PtdIns(4,5)P 2 -bind- 
ing motif, but have a signature (D/E)PW 
motif in the loop connecting cd to ct2. Ac- 
cording to our predictions, a-adaptin (which, 
has no sequence homology to API 80) has a 
PtdIns(4,5)P 2 -binding motif near its NH 2 -ter- 
minus between the first two predicted helices. 
Indeed, a fragment from this region of the 
protein has been shown to bind PtdIns(4,5)P 2 

Specificity of the phosphoinositide inter- 
action with API 80-N and CALM-N was test- 
ed by sedimentation assays using liposomes 
or lipid tubules (19, 27, 28). Tubules contain- 
ing 1 0% PtdIns(4,5)P 2 efficiently sedimented 
API 80-N and CALM-N with the same appar- 
ent affinity (K M values of 4.6 ± 0.7 jjlM and 
5.8 ± 1.7 (xM, respectively) but mutations in 
the PtdIns(4,5)P 2 motif (KXK-EEE) abol- 
ished sedimentation (Fig. 3 A). API 80-N was 
likewise sedimented with liposomes contain- 
ing 10% PtdIns(4,5)P 2 , but not with lipo- 
somes when replaced with 10% phosphati- 
dylserine (PtdSer), or 10% Ptdlns, or 10% 
PtdIns(3,4)P 2 and less efficiently with lipo- 
somes containing 10% PtdIns(4)P or 10% 



PtdIns(3,5)P 2 or 10% Ptd!ns(3,4,5)P 3 (F»g- 
3B). Full-length API 80 binds to lipid tubules 
or liposomes containing Ptdlns(4,5)P 2 with 
characteristics similar to those of API 80-N; 
however, a mutant in the PtdIns(4,5)P 2 -bind- 
ing motif (1CKK-E1CE) does not (Fig. 3C). 

Combinations of full-length API 80, 
AP2, and clathrin were then tested in sed- 
imentation assays with PtdIns(4,5)P 2 -con- 
taining liposomes. AP2 was sedimented both 
in the presence and absence of API 80 (Fig. 
3C). Clathrin only sedimented in the presence 
of API 80 [but not the Ptdlns(4,5)P 2 -bind- 



ing motif mutant], and then it associated 
preferentially with the lipid-bound API 80. 
Incubation of API 80, AP2, and clathrin 
resulted in the sedimentation of all compo- 
nents, and the clathrin in the pellet was 
resistant to 1% Triton X-100 treatment, 
implying a degree of polymerization (addi- 
tion of Triton X-100 has been used as a 
purification step in the isolation of clathrin 
coats). Specificity of sedimentation was 
confirmed by using a number of controls 
including the absence of liposomes (Fig. 
3C). 
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Fig. 1. Overexpression 
of API 80 in COS-7 
cells inhibits endocyto- 
sis. (A) Domain struc- 
ture of API 80 and oth- 
er family members; red 
boxed regions (with an- 
notated sequence iden- 
tities) indicate the con- 
served domain homol- 
ogy. The strongest pre- 
dicted clathrin-binding 
site is indicated (or- 
ange), but other sites 
are present, at least in 
AP180 and CALM. (B) 
Immunofluorescence 
data of EGF (green) up- 
take in cells transiently 
transfected with API 80, 
AP180-N, or AP180-C 
(stained red). The 
panel immediately 
below AP180-C is the 
same field stained for 
endogenous clathrin 

distribution (white). (C) Electron microscopy of immunogold-labeled transferrin receptors (arrows) 
in COS-7 cells transiently transfected with AP180-C Transferrin receptors no longer accumulated in 
coated pits. WT, wild type. 
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Table 1. Crystallographic statistics. Values in parentheses apply to the high-resolution shell. 
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The recruitment of clathrin by API 80 
was further investigated by electron mi- 
croscopy to visualize clathrin lattice and 
cage formation. In the presence of API 80 
and clathrin, latticelike structures formed 
on the surface of lipid monolayers (29) 
(Fig. 4A). Addition of AP2 resulted in the 
formation of more distinct electron-dense 
areas of clathrin assembly (Fig. 4B). Sin- 
gle-angle platinum shadowing of negative- 
ly stained grids showed that in the absence 
of AP2 the lattice was predominantly flat 
(Fig. 4C). lnvaginated coated buds were 



formed in the presence of AP2 (Fig. 4D). 
The diameter was well within the expected 
size range for brain-derived coated vesi- 
cles. In the absence of API 80, no detect- 
able intermediates were visible by electron 
microscopy. When Ptdlns(4,5)P 2 was re- 
placed by Ptdlns, the flat clathrin lattices 
were no longer seen (Fig. 4E). 

Our experiments demonstrate that the 
minimal requirements for the initial stage 
of coated pit invagination are clathrin, 
API 80, AP2, and Ptdlns(4,5)P 2 -containing 
membranes. However, with these compo- 



nents, the pits do not invaginate complete- 
ly, even in the presence of excess clathrin. 
API 80 concentrates clathrin on the mem- 
brane, and AP2s stimulate curved lattice 
assembly, consistent with their coat assem- 
bly activity (6~). On a more general note, we 
show that the API 80 NH 2 -terminal domain 
is a PtdIns(4,5)P 2 -binding domain respon- 
sible for membrane localization of API 80, 
and we propose that similar domains 
found in other proteins will also recruit 
them specifically to PtdIns(4,5)P 2 -rich 
membranes. 
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Fig. 2. The structure of 
CALM-N bound to 
Ptdlns(4,5)P,. (A) Ribbon 
diagram of CALM-N, 
colored from green at 
the NH ? -terminus to 
gold at the COOH-ter- 
minus. (B) The ENTH 
domain of epsin in the 
same orientation [PDB 
codeledu (23)]. (C) The 
surface of CALM-N col- 
ored by electrostatic po- 
tential red + 10kTe~\ 
blue -10 kTe -1 . This is 
a slightly different view 
from that in (A), to show 
the strong positive patch 
that binds Ptdlns(4,5)P 2 . 
(D) Close-up of 
Ptdlns(4,5)P 2 -binding 
site, showing a differ- 
ence electron density 
map omitting the ligand, 
contoured at 2a. There 
was strong density only 
for the 4- and 5-phos- 
phates, weak density for 
the inositol ring and the 
1 -phosphate, and none 
for the lipid chains. (E) 
lns(4,5)P 2 also shows 
most density for the 
phosphates: it was mod- 
eled as a 50:50 mixture 
of two binding modes 
interchanging the 4- and 
5-phosphates. (F) lnsP 6 
was probably bound in 
multiple orientations, 
and the orientation of 
the inositol ring was dif- 
ferent from that of the 
bisphosphates. (C) Se- 
quence alignments of 
the very similar CALM-N 
and AP180-N (81% 
identical, unshaded, fur- 
ther conserved residues 
shaded mauve), and the 
structurally similar epsin 
ENTH domain (16% se- 
quence identity, shaded 
orange), a Helices are 
shown as cylinders, col- 
ored as in A and B. Ptdlns(4,5)P 2 -binding residues are marked with 
arrows. Also shown is the Ptdlns(4,5)P 2 -binding region of cx-adaptin, 
with the conserved Ptdlns(4,5)P 2 -binding motif and predicted a 
helices. (H) The a1 to a2 loop regions for three families of proteins: 
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AP180/CALM family with the Ptdlns(4,5)P 2 -binding motif (blue); 
some other proteins with the Ptdlns(4,5)P 2 -binding motif (blue); epsin 
family with the (D/E)PW motif (orange). Other conserved residues are 
colored purple. Yeast-SLA2 is Yeast-SLA2p. 
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Fig. 3. AP180-N 
binds, and has speci- 
ficity for, Ptdlns(4,5)P 2 . 
(A) AP180-N and 
CALM-N are sedimented 
by lipid tubules contain- 
ing 10% Ptdlns(4,5)P 2 . 
The measurements on 
the abscissa refer to the 
amount of Ptdlns(4,5)P 2 
in the experiment; the 
amount of tubules is 

therefore 10 times this value. Each assay contained 
0.05 mg/ml protein. (B) Liposomes containing 10% 
cholesterol 40% phosphatidylethanolamine, 40% 
phosphatidylcholine, and 10% of a test lipid were 
prepared and used to evaluate the lipid specificity of 
AP180-N. Each experiment contained 0.05 mg/ml 
protein and 50 p-M of the lipid under investigation; 
each experiment therefore, contained a total lipid 
concentration of 500 jjiM. (C) API 80 recruits dath- 
rin to Ptdlns(4,5)P 2 containing liposomes (27). Pel- 
lets (P) and supematants (S) were separated by 
centrifugation. In AP180mut lysines 38 and 40 were 
changed to glutamic acids. Although AP2 alone sedi- 
mented approximately as efficiently as API 80, it 
was not capable of sedimenting together with dath- 
rin, possibly because of a requirement for cargo 
and/or oligomerization. Averages of at least three 
experiments are shown in the bar graph. Experi- 
ments contained 0.05 mg/ml API 80, 0.05 mg/ml 
AP2, 0.025 mg/ml dathrin in a final volume of 100 
|ii All gels were stained with Coomassie Blue. 
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Fig. 4. Clathrin recruit- 
ment to lipid monolay- 
ers by AP180. (A) 
API 80, when incubated 
with dathrin in the 
presence of lipid mono- 
layers recruited clathrin 
to the monolayer sur- 
face and promoted lat- 
tice assembly. The 
presence of a few pen- 
tagons among hexa- 
gons and the spherical 
outlines imply the be- 
ginning stages of coat- 
ed pit invagination. The 
lattices formed had a 
diameter of 66 ± 7 nm. 
(B) The presence of 
API 80, AP2, and dath- 
rin resulted in the for- 
mation of cages with 
electron-dense cores, 
which appeared deeply 
invaginated. The diam- 
eter of the cages thus 
formed was 77 ± 9 
nm. Cracked areas lack 
cages. These experi- 
ments also worked on 
brain Folch lipids. (C 
and D) Single-angle 

platinum-shadowed monolayers showed that the clathrin assemblies were budded from the 
lipid surface in the presence of AP2 (inset: rotary platinum shadowing). We have shown more 
dense area of the grids compared with the negatively stained panels. (E to H) Controls showed 
no evidence of clathrin assemblies. 
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Note added in proof: It has been reported 
(44) that API 80 and its clathrin-binding do- 
main inhibit transferrin endocytosis in HeLa 
and Cos cells and redistribute endogenous 
clathrin in HeLa cells. 
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Notch Inhibition of RAS 
Signaling Through MAP Kinase 
Phosphatase LIP-1 During C. 
elegans Vulval Development 

Thomas Berset, Erika Frohli Hoier, Copal Battu, 
Stefano Canevascini, Alex Hajnal* 

During Caenorhabditis elegans vulval development, a signal from the anchor 
cell stimulates the RTK/RAS/MAPK (receptor tyrosine kinase/RAS/mitogen- 
activated protein kinase) signaling pathway in the closest vulval pre- 
cursor cell P6.p to induce the primary fate. A lateral signal from P6.p then 
activates the Notch signaling pathway in the neighboring cells P5.p and P7.p 
to prevent them from adopting the primary fate and to specify the sec- 
ondary fate. The MAP kinase phosphatase LIP-1 mediates this lateral inhi- 
bition of the primary fate. LIN-12/NOTCH up-regulates lip-1 transcription 
in P5.p and P7.p where LIP-1 inactivates the MAP kinase to inhibit primary 
fate specification. LIP-1 thus links the two signaling pathways to generate 
a pattern. 



MAP kinase phosphatases (MKPs) belong 
to the family of dual-specificity phospha- 
tases that inactivate different types of MAP 
kinases by dephosphorylating the critical 
phosphotyrosine and phosphothreonine res- 
idues of the kinases (7). The transcription 
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of MKPs is rapidly induced by various 
stimuli such as growth factors and cellular 
stresses that activate MAP kinases, sug- 
gesting that MKPs may participate in an 
autoinhibitory feedback loop. 

To study the role of MKPs in RTK/ 
RAS/MAPK signaling during development, 
we searched the C. elegans genome se- 
quence for homologs of vertebrate MKPs. 
Among the 1 85 predicted phosphatases, we 
identified a candidate, termed lip-1 (lateral 
signal induced phosphatase- 1 , open read- 
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Serum Antibodies to Huntingtin Interacting Protein-1: 
A New Blood Test for Prostate Cancer 
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Lina Li, 1 Anthony J. Munaco,' Arun Sreekumar, 2 Michael N. Corradetti, 1 
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Abstract 

Huntingtin -interacting protein 1 (HIP1) is frequently overex- 
pressed in prostate cancer. HIP1 is a clathrin-binding protein 
involved in growth factor receptor trafficking that transforms 
fibroblasts by prolonging the half-life of growth factor 
receptors. In addition to human cancers, HIP1 is also over- 
expressed in prostate tumors from the transgenic adenocarci- 
noma of the mouse prostate (TRAMP) mouse model. Here we 
provide evidence that HIP1 plays an important role in mouse 
tumor development, as tumor formation in the TRAMP mice 
was impaired in the Hipl null/nuH background. In addition, we 
report that autoantibodies to HIP1 developed in the sera of 
TRAMP mice with prostate cancer as well as in the sera from 
human prostate cancer patients. This led to the development of 
an anti-HIPl serum test in humans that had a similar sensitivity 
and specificity to the anti-a-methylacyl CoA racemase 
(AMACR) and prostate-specific antigen tests for prostate 
cancer and when combined with the anti-AMACR test yielded 
a specificity of 97%. These data suggest that HIP1 plays a 
functional role in tumorigenesis and that a positive HIP1 
autoantibody test may be an important serum marker of 
prostate cancer. (Cancer Res 2005; 65(10): 4126-33) 

Introduction 

Currently, the prostate-specific antigen (PSA) blood test is 
widely relied upon for the early detection of prostate cancer. 
Despite the fact that this test was identified almost 20 years ago 
and standardized >10 years ago (1), the effect of this screening 
on mortality is not yet defined (2-4) and both its sensitivity (5, 6) 
and specificity (7) have limitations. Although there has been a 
stage migration with the use of the PSA test and therefore this 
test likely diminishes mortality from prostate cancer, the 
discovery of new biomarkers for early diagnosis and prognosis 
of prostate cancer may improve management of and survival 
from prostate cancer. 

Recently, the identification of a test that identifies autoanti- 
bodies to the prostate tumor marker, a-methylacyl CoA 
racemase (AMACR) provided hope that use of cytoplasmic 
tumor markers in addition to secreted antigens could lead to 
blood screening tests (8). The proposed reason for the formation 
of autoantibodies is that upon turnover of tumor cells, tumor 
antigens are shed into the circulation at low levels inducing an 
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immune response. Immunoreactivity to other cytoplasmic tumor 
antigens has been described in prostate cancer patients 
previously, but the formation of these autoantibodies did not 
show high sensitivities (9-11). 

Because HIP1 is specifically up-regulated in prostate cancer 
relative to benign prostatic epithelia (12) and is a cytoplasmic 
protein, we hypothesized that HIP1 autoantibody formation could, 
like AMACR, yield a useful blood test for prostate cancer. In addition, 
because overexpression of HIP1 is associated with advanced 
prostate cancer (12) and HIP1 directly transforms fibroblasts (13), 
we hypothesized that HIP1 may be necessary for in vivo tumor 
cell survival or progression. 

To experimentally evaluate these two questions in mice, we 
employed the transgenic adenocarcinoma of the mouse prostate 
(TRAMP) model (14) and Hipl mutant mice generated in our 
laboratory (15). TRAMP mice express SV40 T antigen under the 
control of the probasin promoter. This targets transgene expression 
to the epithelial cells of the prostate and leads to prostate cancer. 
Although many of the tumors in these mice are more represen- 
tative of a neuroendocrine rather than epithelial cancer (16), the 
progression of these cancers in the TRAMP model is similar to 
human prostate cancer in that the prostates of these mice develop 
hyperplastic epithelia, in situ carcinoma, locally invasive cancers 
followed by metastases to the liver, lung, lymph nodes, and bone. In 
addition to providing evidence here that HIP1 may indeed be 
necessary for tumorigenesis in the TRAMP prostate, we have 
discovered that both TRAMP mice and men with prostate cancer 
produce autoantibodies to HIP1 more frequently than control 
individuals. Using both immunoblot and ELISA tests, described 
herein, we have found that the sensitivity and specificity of this 
novel prostate cancer blood test is similar to that of PSA, and when 
combined with AMACR, has the exciting potential to surpass the 
specificity of the PSA test. 

Materials and Methods 

Animals. The Hipl null/nM mice (15) and TRAMP mice (14) were 
maintained on a C57BL/6;129svJ and C57BL/6 background, respectively. 
SV40 T antigen "homozygous" TRAMP male mice were intercrossed with 
Hipl nun/null fema]es tQ g enerate T antigen transgenic (TRAMP) mice that 
were heterozygous for the Hipl mutation (TRAMP////>7 null/+ ). The latter 
mice were intercrossed to make TRAMP littermates containing either wild 
type or knockout Hipl alleles. Mouse tail DNA was genotyped for the SV40 T 
antigen by PCR (14) or for the Hipl null allele by Southern (15, 17). 
Euthanized mice were subjected to complete necropsy as well as Hipl /SV 40 
T antigen genotype verification via repeat southern blot of tail tissue and 
Western blot of tumors for the presence or absence of HIP1 and T antigen 
proteins. Mouse care followed established institutional guidelines. 

Evaluation of transgenic adenocarcinoma of the mouse prostate 
tissue. Sixteen TRAMP////pi +/+ and eight TRAMP /Hipl nul,/nu11 littermate 
mice were analyzed for tumor extent at 6.5 months of age. Prostate and 
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Serum Antibodies to HIP1 in Prostate Cancer Patients 



Table 1. Clinical data for prostate cancer patients used in 
study 



Characteristic 


Value 


Mean age (y) ± SD* 


59.0 ± 8.0 


Mean gland size (cm) ± SD 1 


1.6 ± 1.5 


Mean gland weight (g) ± SD* 


53.6 ± 51.8 


PSA* (%) 




Mean ± SD (ng/mL) 


7.5 ± 5.9 


<4 ng/mL 


23.3 


4-10 ng/mL 


55.5 


>10 ng/mL 


21.1 


Biochemical recurrence 


10.0 


Gleason grade < 6 (96) § 


38.9 


Glcason grade ^ 7 (%f 


60.1 



•Data were available for 91 patients only. 
tData available for 89 patients. 
*Data available for 97 patients. 
5 Data available for 90 patients. 



tumor samples were fixed in 10% (v/v) buffered formalin, embedded in 
paraffin, serially sectioned and stained by H&E. The slides of prostatic 
tissue were evaluated for the presence of hyperplasia, adenoma, or invasive 
adenocarcinoma as described previously (18). 

Acquisition of serum samples from transgenic adenocarcinoma of 
the mouse prostate mice. TRAMP mice and T antigen -negative control 
mice were initially bled between the ages of 2 and 4 months from the 
saphenous vein of the hind leg. Approximately 100 to 200 uL of blood was 
collected into Microvette CB 300 serum separation tubes (Starstadt, 
Numbrecht, Germany) and 30- to 40-uL aliquots were stored at -20°C 
until analyzed. 

Human patient cohort and samples. This study was approved by the 
University of Michigan Medical School Institutional Review Board. At the 
time of diagnosis and before prostatectomy, sera from 97 biopsy-proven 
clinically localized prostate cancer patients were collected and stored in the 
University of Michigan Prostate Specialized Programs of Research Excellence 
Tissue/Serum Bank from January 1995 to January 2003. The average age of the 
participants was 59 (range, 41-83). Table 1 summarizes the clinical data for 
the 97 prostate cancer patients. As controls, sera from 211 male subjects 
(average age, 61; range, 29-84; collected at the University of Michigan clinical 
pathology laboratories from May 2001 to May 2003) with no known history of 
cancer were used. All sera were stored in aliquots at -20°C. 

Preparation of HIP1 antigen. A glutathione S-transferase-3'HIPl (GST- 
3'HIP1) fusion construct was used to generate 3'HIP1 antigen. Briefly, GST 
was fused in frame to the COOH-terminal half of HIP1 amino acid sequence 
starting at the sole internal Eco RI site (nucleotide 1250) and ending at the 
native stop codon (nucleotide 3010; ref. 19). Expression of antigen was 
induced in bacteria with 0.1 mmol/L isopropyl-L-thio-B-D-galactopyranoside 
for 4 hours at 37 °C, bacteria were sonicated and antigen initially 
fractionated from other bacterial proteins with glutathione-Sepharose. 
GST was then cleaved off of the partially pure protein with thrombin. The 
antigen was separated from free GST on a preparative 8% SDS-PAGE gel, 
electroeluted, dialyzed, and concentrated to obtain further purity. 

Immunoblot analysis of anti-HlPl antibodies in mouse or human 
serum. 3'HIP1 protein (10 ug for mouse sera and 20 ug for human sera) was 
separated on a 10% preparative gel, transferred to nitrocellulose, and 
blocked overnight at 4°C in TBST (mouse sera) or TBS (human sera) with 
5% milk and 5% goat (mouse samples) or donkey (human samples) serum 
("blocking solution"). A Miniblotter 28-dual unit system (Immunetics, Inc., 
Cambridge, MA) was used to make 25 incubation chambers for serum 
samples, diluted 1:50 in 1:10 blocking solution (human sera) or 1:15 in 



TBST/5% milk (mouse sera). Membranes were incubated with the serum 
samples for 2 hours at room temperature and washed with TBST. For blots 
of TRAMP sera, goat antimouse horseradish peroxidase (HRP)-conjugated 
secondary antibody (Sigma, St Louis, MO) was used at 1:5,000 dilution in 
TBST/5% milk for 1 hour at room temperature. The blots were washed for 
1 hour with TBST and HRP developed with enhanced chemiluminescence 
(ECL). For analysis of human sera, a donkey anti-human biotin conjugated 
secondary antibody (Jackson ImmunoResearch, West Grove, PA) was used 
at a 1:50,000 dilution in 1:10 "blocking solution" for 1 hour. After washing 
with TBST, HRP-conjugated streptavidin was incubated with the blots 
(1:25,000 dilution in 1:10 blocking solution) for 1 hour, and the blots were 
subjected to a final wash. Super-Signal ECL (Pierce, Rockford, IL) was used 
to develop the HRP for the human samples and generic ECL was used for 
mouse samples (20). 

ELISA test for HIP1 autoantibodies. MaxiSorb immunoplates (Nalge 
Nunc International, Rochester, NY) were coated with 5 ug/mL of the 3'H1P1 
antigen by incubating 50 uL per well overnight at 4°C. The plates were 
washed twice with TBST. Plates were blocked with 200 uL of 5% milk in 
TBST overnight at 4°C, washed twice with TBST, and stored at 4°C for a 
maximum of 2 weeks. Serum samples (50 uL per well) diluted 1:100 in 
blocking solution were assayed in duplicate and incubated with the antigen- 
coated plates at room temperature for 1 hour. The plates were washed five 
times with TBST and incubated with 1:10,000 goat anti-human IgG biotin- 
conjugated (Pierce) secondary antibody for 30 minutes. The plates were 
again washed five times with TBST and incubated with avidin-biotin 
complex reagent (Pierce) for 30 minutes and washed; 100 uL of the 1-Step 
Ultra TMB (Pierce) were incubated on the plates for 30 minutes for color 
development and quenched with 100 uL of H 2 S0 4 . Absorbance was 
measured at 450 to 550 nm using a VERSAmax microplate reader 
(Molecular Devices, Sunnyvale, CA). 

Statistical analysis. All statistical analyses were done with Excel, 
Medcalc, or SPSS. To test for the difference in tumor incidence and 
histologic appearances the MedCalc program was used to perform 
correlative and x 2 tests. To test for significant differences in H1P1 immune 
response between prostate cancer patients and control subjects, 
Pearson's x 2 test as well as Students two-sided / test were done using 
SPSS. ROC curve analysis was achieved using the MedCalc program. 

Results 

Diminished prostate tumor development in transgenic 
adenocarcinoma of the mouse prostate//ftpi nu,,/nul1 mice. To 

examine the in vivo necessity of HIP1 overexpression in prostate 
tumors, TRAMP mice (14) and Hipl nuWnuli mice (15) were 
crossed to generate TRAMP mice deficient of HIP1 (TRAMP/ 
Hipl null/nul1 mice) as well as control littermates (TRAMP /Hipl +/+ 
mice). This experiment was based on the previous observation 
that murine HIP1 is overexpressed in 50% of prostate tumors 
that develop in TRAMP mice (12) and that the loss of function 
mutation of Hipl does not alter the development or mainte- 
nance of normal prostate tissue nor does it affect hormone 
levels in mice including testosterone (15, 17). In an initial study 
of these mice, we noted that TRAMP mice deficient for HIP1 did 
not develop as many palpable tumors as their wild-type HIP1 
expressing littermates (data not shown). To quantitate this 
observation, we initiated a second experiment where TRAMP 
littermates without HIP1 expression (TRAMP/ Hipl nun/nali ) and 
their controls (TRAMP /Hipl +/+ ) were sacrificed at 6.5 months of 
age. We chose to analyze mice at this age, as by 6 months of 
age, all TRAMP mice develop prostate tumors (18). As seen in 
Fig. L4, the absence of HIP1 expression resulted in fewer grossly 
observed prostate tumors than Httermate Hipl wild-type 
controls (2 of 8 TRAMP /Hipl null/nu11 [25%] versus 13 of 16 
TRAMP /Hipl +/+ [81%), respectively; P < 0.01). 
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The diminished tumor frequency observed in the Hipl nuWnua 
mice could be due to a reduced rate of tumor initiation. 
Alternatively, HIP1 may be required for tumor growth or 
progression to invasive carcinoma. To begin to distinguish between 
these possibilities, the histologic characteristics of the prostates 
and their tumors from these mice was scored using a previously 
described grading system of prostatic lesions (18). Briefly, serial 
tissue sections were characterized for their most advanced lesions. 
For example, "hyperplasia" was scored when the epithelial cells of 
the acini were crowded and formed foci in cribiform or papillary 
patterns but still followed the outline of the acinus. "Adenoma" was 
scored when in some parts of the tissue the epithelial cells 
completely filled the lumen or distinct epithelial masses were 
found in the lumen of the acinus. "Invasive carcinoma" was scored 
when there was local invasion into and beyond the capsule of the 
acinus or there were distant metastases. The TRAMP mice with 
"adenomas" or "invasive carcinomas" also contained multiple foci 
of hyperplasia 

Using this scoring system, we found that development of 
invasive cancers was diminished in TRAMP /Hipl nuI1/nul1 m i C e. At 
6.5 months of age, most of the TRAMP mice with normal Hipl 
had adenomas or invasive cancers (8 of 8 observed TRAMP/ 
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Figure 1. HIP1 deficiency impairs tumorigenesis in the TRAMP model of 
prostate cancer. A, grossly evident tumors were scored during necropsy of 



TRAMP/H/pr /+ {n = 16) and TRAMP/H/p/ n 



(n = 8) littermate mice. 



Observations were recorded as either no obvious tumor, gross tumor of - 1 to 
10 mm in diameter or large tumor measuring >10 mm. Most TRAMP/W/p/ nuiynul1 
mice had grossly normal prostates (6 of 8) compared to the TRAMP/H/p/*'* mice 
(3 of 16, 75% versus 18.8%, respectively). There were no tumors >10 mm in the 
absence of HIP1 compared with 7 of 16 in the presence of HIPL Numbers of 
mice in each observation are bracketed above the columns. B, histologic 
analysis of prostate tissue from a second cohort of TRAMP mice at 6.5 months of 
age. Six prostate samples were derived from Hipl null prostates and eight 
prostates samples were derived from Hipl wild-type littermates. Serial sections 
of the prostates were prepared for H&E staining. These slides were scored for 
the presence of hyperplasia, adenoma, or invasive carcinoma within the prostate 



(18). Eighty-three percent (five of six) of the Hip1 n 



mice had only 



hyperplasia in the prostate tissue. All of the TRAMP/H/p/^ mice were found to 
have multiple foci of either adenoma (75%) or invasive carcinoma (25%), as 
expected. 



Hipr h [100%] versus 1 of 6 [17%] TRAMP///^7 nuU/nut, ; Fig. IB). 
In contrast, most of the TRAMP///#?V null/nilU mice had only 
hyperplastic lesions (five of six. 84%). The differences in tumor 
incidence either by gross observation or by histology between 
control and TRAMP /Hipl nu,1/nu " mice was significant {P < 0.01 
and P < 0.025, Pearson's x 2 » respectively). These data suggest 
that there is a delay in the ability of prostatic lesions from 



Hipl 



null/null 



mice to progress from hyperplasia to adenomas and 



invasive carcinomas. Previously, we reported that 50% of TRAMP 
prostate tumors overexpressed HIP1 by Western blot analysis of 
tumors (12). In contrast, we find here that at least 75% of the 
TRAMP prostates required HIP1 expression for invasive tumor 
formation (Fig. L4, first column). This suggests that the 
sensitivity to detect HIP1 overexpression by Western blot 
analysis of prostate tumors may be limited. 

Autoantibodies to HIP1 in transgenic adenocarcinoma of 
the mouse prostate mice. Because HIP1 was overexpressed in 
prostate tumors of both humans and mice (12), we attempted to 
measure HIP1 levels in mouse serum by Western blot analysis using 
anti-HIPl polyclonal (UM323) and monoclonal (1B11) antibodies. 
Our goal was to determine if HIP 1 antigen quantitation could be 
used as a novel serum biomarker of prostate cancer. As one might 
expect for a cytoplasmic protein, we were not able to detect the 
HIP1 antigen in sera (data not shown). Because of this limited 
sensitivity, we decided to test the hypothesis that a humoral 
immune response to overexpressed HIP1 marks prostate cancer 
presence. If such a response was detected, we hypothesized that it 
could be used as a potential blood test for prostate cancer 
detection and prognosis. 

To begin to test this, recombinant HIP1 (19) was purified 
(Fig. 2A, left) and immunoblot with specific HIP1 monoclonal 
antibodies, 4B10 and IB 11, confirmed its identity (Fig. 2A t right). 
The lower of the two bands on the Western blot was variably 
seen in different preparations of the purified antigen and was 
. likely the result of degradation during antigen preparation. In an 
initial pilot Western blot study of mouse sera and 3' HIP1 
antigen, we found that there was immune reactivity to the HIP1 
antigen in sera from prostate tumor-bearing TRAMP / Hipl +/+ . 
mice but not control (T antigen negative) or TRAMP /Hipl nu,l/nu11 
mice (data not shown). Serial serum samples from TRAMP mice 
and control mice were loaded in a miniblot apparatus (8) to 
determine the developmental time course and maintenance of 
autoantibodies to HIP1 in TRAMP mice (Fig. IB). Remarkably, 
we found that there was an antibody response to HIP1 that 
varied in its time of onset (Fig. IB) but was detected as early as 
4 months of age in the TRAMP mice, all of which were expected 
to have developed prostatic lesions by 6.5 months of age. Twelve 
of the 22 (55%) TRAMP mice developed sustained immunity. In 
contrast, none of the 14 (0%) control (T antigen negative) 
littermates showed sustained presence of autoantibodies to HIPl. 

Serum antibodies to HIPl in human prostate cancer 
patients. In light of the presence of autoantibodies to HIPl in 
prostate cancer-bearing TRAMP mice, we tested if there was an 
immune response to HIPl in sera from human prostate cancer 
patients. Because one gel was only able to assay 25 distinct sera 
at a time and we had sera from 308 men available for testing, 
we used the same positive and negative HIPl reactive sera on 
each blot as a reference point. This allowed us to quantitate and 
normalize signals between different blots. Results of one such 
screen using sera from prostate cancer patients and controls 
(n = 23 for each) are shown in Fig. 3/1. Ultimately, the sera from 
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Control (T antigen negative) 



TRAMP (T antigen positive) 



Figure 2. Humoral immune response to HIP1 in TRAMP mice. A, purification of recombinant 3'HIP1 protein was achieved in three steps as described in the 
methods. Lane 1, contains 40 jig of protein from an IPTG-induced bacterial extract bound to and eluted with glutathione from glutathione Sepharose. Lane 2, 
partially purified throm bin-treated extract. Released GST {bottom arrow) and the HIP1 portion of the recombinant protein {top arrow) were visualized with Coomassie 
blue stain. Lane 3, 5 \xg of the final "purified" recombinant 3'HIP1 protein that was used for assays of a humoral response. This purified recombinant HIP1 was 
recognized by two different previously described (12) anti-HIP1 monoclonal antibodies (HIP1/4B10 and HIP1/1B11) as shown in the Western blot of 200 ng of antigen 
{right). B, antibodies to HIP1 in TRAMP mice. A group of 22 TRAMP and 14 T antigen negative control mice between the ages of 2 to 4 months, had blood 
samples drawn every 2 weeks and sera prepared to test for when and if a humoral response to HIP1 might develop. This representative blot shows a control, 
T antigen-negative mouse (top), and a TRAMP mouse {bottom). Positive and Negative lanes, reference positive (TRAMP/H/pf w * mouse sera found to be positive in 
the original screen) and negative {Hip1~'~ mouse sera) controls allowing for comparisons of HIP1 reactivity between immunoblots, respectively. Over 16 weeks 
beginning at age 2.5 months {lanes 1-8) serial serum analysis demonstrated that by 3 months of age a sustained immune response to HIP1 in the TRAMP mice 
occurred and increased significantly by 5 months of age. It should be noted that sera from T antigen-negative control mice would at times test positive but did not display 
sustained positive tests. 



97 prostate cancer and 211 age-matched male control sera were 
screened by Western blot. The blots were analyzed by measuring 
the grayscale values of the reactive bands (Fig. 3/4, arrows) and 
quantitated as a percent of the reference positive control 
(Fig. 35). A positive score was assigned to bands with a value of 
>50% of the positive control, whereas those bands <50% of the 
positive control received a negative score. This cutoff was 
chosen because it yielded the highest values for specificity and 
sensitivity, as analyzed from ROC curves created from a 
randomly chosen subset of the prostate cancer and control 
subjects. All serum samples were validated for autoantibodies to 
HIP1 by this high-throughput immunoblot analysis. HIP1 anti- 
bodies were significantly more frequent in serum from 
prostate cancer patients compared with age-matched controls 
{P < 0.001 x 2 . likelihood ratio). Forty-five of 97 (46%) prostate 
cancer patient sera received a positive score compared with 58 of 
211 (27%) of the age-matched control sera (Fig. 3C). 

For confirmation of our Western blot results and the 
development of an additional clinical assay, an ELISA to monitor 
HIP1 immune response was developed. ELISA plates were coated 
with purified recombinant 3' HIP1, and sera from patients with 
prostate cancer or age-matched controls were assayed. The 
measured absorbance was converted to values relative to 
negative reference controls and duplicate samples in each of 
two experiments (n = 4 replicates) were averaged. Figure 4A 
shows the average relative absorbencies for all of the prostate 
cancer patient sera and 81 of the control sera. A relative 
absorbance that was greater than the negative control (ELISA 
value, >1) was considered a positive score. The cutoff for this 
test was, like the high-throughput Western blot test, determined 
by using ROC curves on a subset of the patient sera and 
determining where the ELISA values yielded the highest 
specificity and sensitivity. All available serum samples were then 
tested for HIP1 antibodies by high-throughput ELISA. There were 



significantly more prostate cancer sera with positive scores (46% 
of sera from prostate cancer patients versus 27% of sera from 
age-matched controls; Fig. 4B). The ELISA test alone results in 
similar values for specificity and sensitivity as the Western blot 
analysis (Table 2). If both tests are required to be reactive for a 
positive test, only 24% of the prostate cancers are positive versus 
12% of the controls. Although there is diminished sensitivity 
using the increased stringency (both tests necessarily reactive), it 
does raise the specificity to 88%. The observed decreased 
sensitivity with the combination of Western blot and ELISA tests 
is expected because the chance that both tests, which have 
distinct antigen presentations on either nitrocellulose mem- 
branes or plastic plates, would have accessible antigenic epitopes 
simultaneously in each patient is less likely than if only one 
were necessary. Hence, if only one of the two HIP1 reactivity 
tests is required for positivity, 69% of the prostate cancers are 
positive versus 44% of the controls (Table 2). It should be noted 
at this point that the control group did not undergo prostate 
biopsies or have close follow-up. Because of this limitation, the 
possibility of missed prostate cancer in the control group must 
be considered when evaluating this initial data. In addition, 
some of the "background" could be contributed by other occult 
malignancies such as melanoma, colon, or lung cancers. 

Previously, we have found that using immunohistochemical 
analysis of HIP 1 antigen in tissue sections, overexpression of HIP 1 
in prostate cancers predicted a poor outcome (12). It follows that 
the autoantibodies to HIP1 in prostate cancer patients might also 
contain prognostic information. In the current group of 97 prostate 
cancer patients, there were no statistically significant associations 
between HIP1 immune responses and linked clinical variables 
including initial PSA level, PSA recurrence, Gleason grade, tumor 
size, or stage. 

In addition to assessing the relationship between linked clinical 
data and HIP1 autoantibody formation, we compared the HIP1 test 
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to other serum tests such as the PSA and AMACR tests. In the 
initial study of the AMACR humoral response, a specificity of 71.8% 
and sensitivity of 61.6% were found (8). The samples used for this 
current study of HIP1 humoral response were also tested for their 
humoral immune response to AMACR and similar values for 
AMACR specificity and sensitivity were found as previously 
reported (67% and 64%, respectively; Table 2). The ROC curves 
for HIP1 and AMACR yielded similar values for area under the 
curve (data not shown). 

As well as comparison with the AMACR test, it follows that the 
HIP1 antibody test could complement the PSA test. However, the 
comparison of the HIP1 test to the PSA test in the group of 
patients (n = 90) and controls (n = 117) for which PSA data was 
available was problematic. This was due to the availability of only a 
limited supply of banked serum samples from control patients with 
PSA values of >4.0 ng/mL. This resulted in an expected but skewed 
specificity and sensitivity (75% and 77%, respectively) for the PSA 
test (positive, >4.0 ng/mL). The reported 45% specificity and 50% 
sensitivity for PSA in a previous group of sera that were tested for 
AMACR are closer to expected (8). Because of this limited supply, a 
subgroup of 68 prostate cancer sera and 29 age-matched control 
sera that had PSA values of >4 ng/mL was analyzed separately for 
HIP1 autoimmunity (Table 3). There was again a significant 
difference in the numbers of HIPl-positive samples from prostate 
cancer patients versus control individuals, as determined by ELISA 



or Western blot {P < 0.025 and P < 0.01, respectively). The most 
significant difference was seen when a positive score by either 
ELISA or Western blot was required, giving a specificity of 64% and 
a sensitivity of 88% (P < 0.001) in a group that would all be 
considered positive by the PSA test In addition, a combination of 
AMACR and HIP1 tests increased specificity dramatically (97%) 
suggesting that the combination of these two tests could lead to 
better predictions of cancer if added to the PSA test. Although 
further analysis of additional patient and control populations with 
prospective follow-up, serial sampling (as shown for the TRAMP 
mice in Fig. 2B) and from multiple different institutions is 
essential, these results suggest that the combination of the HIP1 
test with PSA and AMACR tests results has the potential to yield a 
highly specific diagnostic test for prostate cancer. 

Discussion 

Prostate cancer morbidity and mortality are due to its 
progression within the prostate as well as its metastatic spread 
beyond the prostate. Because of this, an understanding of the 
mechanism by which localized hyperplastic lesions progress to 
invasive and metastatic carcinomas is very important. In addition, 
obtaining blood tests that can provide for the earliest detection of 
prostate cancer will have important prognostic and therapeutic 
implications. 
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* The frequency of a positive test in prostate cancer patients was statistically different than in control 
patients (p < 0.001, Specificity (73%), Sensitivity (46%)) 



Figure 3. Prostate cancer patients have a specific humoral response to HIP1 overexpression. A, representative immunoblot of 46 sera assayed for reactivity to 
recombinant HIP1 . Twenty-three of the 97 biopsy-proven prostate cancer patients and 23 of the 21 1 control individuals. Equal aliquots of all of the 308 serum samples 
were analyzed by immunoblot in at least two independent experiments and contained reference positive and negative controls {Positive and Negative lanes, 
respectively). B, bands were scanned from the developed blots and converted to grayscale values using Adobe Photoshop. Normalized grayscale values were 
converted to percentage of the positive control (Positive lane). Samples with band intensity of ^50% of the positive control were given a positive score {above the 
dotted line). A negative score was given to samples <50% of positive control {below the dotted line). C, distribution of the values between prostate cancer and the 
control individuals was significantly different (P < 0.001 , Pearson's x 2 test). Specificity of the test was 73% and calculated as those control samples with a negative test 
(153/153 + 58) and sensitivity was 46% and calculated as the percent of patient samples with a positive test (45/45 + 52). 
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Figure 4. Detection of HIP1 humoral response in human prostate cancer patients by ELISA. A, average (four replicates) relative absorbances (ELISA values) and 
their standard deviations are shown for 81 prostate cancer patient and 186 control sera. A relative absorbance of >1.0 {above the dotted tine) was considered positive. 
B, numbers of positive prostate cancer and age-matched control sera. The specificity of this test was 73% and the sensitivity was 46%. The difference between 
prostate cancer patients and controls was significant {P < 0.01, Pearson's x )• 



Here we report in vivo genetic evidence for the necessity of 
the clathrin-binding protein, HIP1, in the prostatic hyperplasia- 
to-carcinoma transition. These experiments were initiated based 
on the fact that HIP1 expression is frequently elevated in human 
prostate cancer, and this overexpression predicts the progression 
of the disease in humans. In addition, because TRAMP mice 
have HIP1 up-regulated in their tumors (12), it was considered a 
relevant tumor model. We show that although all Hipl nu]l/nu " 
mice developed prostatic hyperplastic lesions in response to 
expression of T antigen, the development of bona fide tumors 
was significantly diminished compared with TRAMP mice with 
normal levels of HIP1. 

Although the absence of HIP1 leads to testicular degeneration, 
it should be noted that the prostate glands from Hipl knockout 
mice are normal histologically and serum testosterone levels are 
within normal limits (15, 17). This makes it unlikely that the 
effect of HIP1 deficiency on tumor development in this model is 
merely secondary to differences in the levels of testosterone or 
abnormalities in adult prostate epithelial cell maintenance. It 
should also be noted that the use of SV40 T antigen to induce 
prostate cancer is, in many ways, artificial in that T antigen does 
not seem to have a role in human prostate cancer. However, 
because HIP1 is overexpressed in TRAMP tumors, as it is in 



human tumors, and because T antigen does inhibit the human 
tumor suppressor gene products p53 and Rb, this model has 
significant validity for the purposes of initial studies of HIP Is 
in vivo role in cancer biology. 

It will be important to better understand the mechanism of how 
HIP1 could participate in the development of prostate cancer in 
humans. Previous work has shown that the HIP1 family of proteins is 
involved in the modulation of a variety of receptors such as the 
glutamate receptor (21), the epidermal growth factor receptor 
(EGFR), platelet-derived growth factor p receptor (PDGFpR; ref. 22), 
and transferrin receptor (23). This modulation of receptors leads to 
an increased survival and transformation of cells when HIP1 is 
overexpressed (12, 13). Although a direct regulatory effect of HIP1 on 
clathrin trafficking in prostate cancer remains to be shown, HIP1 
could modulate signals from the EGFR and PDGFpR in prostate 
cancer as these receptors are clearly regulated by the clathrin 
trafficking network and are altered in prostate cancer. Determina- 
tion if HIP1 can modulate other types of receptors that are not 
regulated by clathrin-mediated endocytosis but are involved in 
prostate cancer, such as the steroid hormone receptors (e.g., 
androgen receptor), will be important future experiments. 

In addition to testing for HIP1 necessity in prostatic carcino- 
genesis, the previous observation of HIP1 overexpression in tumors 
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Test 



Specificity Sensitivity 





(%) 


(%) 


HIPl ELISA positive 0 


76 


49 


HIP1 Western positive 1 


82 


54 


HIPl ELISA + HIPl 


93 


28 


Western positive* 






HIPl ELISA or HIPl Western positive* 


64 


88 


AMACR positive 1 


83 


64 


AMACR positive + HIPl ELISA or HIPl 


97 


55 



Western positive* 



NOTE: There were 68 prostate cancer and 29 control sera that met the 
criterion of PSA of >4 ng/mL. Nine of the 68 prostate cancer patient 
sera were not available to test for HIPl ELISA and AMACR Western. 
The increased frequency of a positive test in prostate cancer patients 
compared to controls was statistically different in all cases. 
•P < 0.025. 
t/> < 0.01. 
tp< 0.001. 



of TRAMP mice (12) prompted us to test if HIPl could be detected 
in the serum of these mice. As expected for a cytoplasmic protein, 
we found that the circulating HIPl antigen levels are low and 
therefore difficult to detect. However, we did find that TRAMP 
mice developed early and sustained levels of antibodies against 
HIPl when measuring longitudinal samples. Interestingly, the T 
antigen- negative control mice also had samples of sera that tested 
positive randomly. However, sustained presence of anti-HIPl 
antibodies were never observed in the control mice. 

This led us to test if a humoral response to HIPl could occur in 
humans with prostate cancer. The goal would be to find a novel 
blood test to substitute for or to complement the PSA test. Indeed, 
the test we describe herein for autoantibodies to HIPl in prostate 
cancer has a relatively high specificity and improves the specificity 
of the PSA and AMACR tests, making it an attractive serum 
marker. Because we were able to show a sustained humoral 
response in TRAMP mice, we predict that future studies that are 
designed for prospective serial testing of humans for HIPl 
antibodies will show an increase in the anti-HIPl test's sensitivity 
and specificity. Because prostate cancer is such a common cancer, 
markers with a greater specificity rather than sensitivity are needed 
to reduce unnecessary prostate biopsies or other invasive tests. For 
example, misdiagnosis with the PSA test may account for >30% of 
positive tests in a screened male population over the age of 55 (24), 
making reliance on the PSA test alone problematic. Finally, it is 
unlikely that any single marker for prostate cancer will have the 
desired high specificity and sensitivity, making it important to 
develop a collection of markers, which in combination could lead 
to accurate prostate cancer detection and prognosis. 



The increase in frequency of antibodies to HIPl in prostate cancer 
compared with age-matched controls, together with the fact that we 
had previously found that HIPl is overexpressed in many different 
epithelial cancers (12), will prompt us to investigate the potential for 
a specific humoral response in other cancers. This could also be a 
source of error in reducing the specificity of the HIPl blood test for 
prostate cancer in our current control group, as the men could^have 
had other occult or nonoccult malignancies. In fact, a specific 
humoral response to the HIPl -related protein, the only known 
mammalian relative of HIPl, has been reported to occur in colon 
cancer (25). 

In conclusion, we have explored the role of HIPl in in vivo 
tumorigenesis using the prostate cancer prone TRAMP mice and 
Hipl knockout mice. Our data indicate that HIPl may be 
necessary for tumorigenesis and that both mice and men with 
prostate cancer have autoantibodies to HIPl in their serum. 
These data provide groundwork for further investigation into the 
functional involvement of HIPl in other cancers and as a specific 
marker (especially in combination with AMACR) for other 
cancers. These data also pave the way for further prospective, 
longitudinal, and multi-institutional studies of how to best use the 
HIPl Western blot and ELISA tests for improved care of patients 
with prostate cancer. 
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Table 2. Comparison of diagnostic tests and .their 
combinations for all prostate cancer and control samples 

Test Specificity Sensitivity 





(%) 


(%) 


HIPl ELISA positive* 


73 


46 


HIPl western positive 1 


73 


46 


HIPl ELISA + HIPl 


88 


24 


Western positive 1 






HIPl ELISA or HIPl 


56 


69 


Western positive 1 






AMACR positive 1 


67 


64 


AMACR positive + HIPl 


86 


50 


ELISA or HIPl Western positive 1 






PSA positive (^4 ng/mL) 1 


75 


77 


PSA positive + HIPl ELISA or HIPl 


91 


\ 66 



Western positive 1 



NOTE: There were a total of 97 prostate cancer and 211 control sera. 
Not all of these 308 sera, except for the HIPl Western, were assayed for 
every test listed. HIPl ELISA values were available from 81 of the 
prostate cancer patients and 186 controls. AMACR Western values 
were available for 77 prostate cancer patients and 126 controls. PSA 
values were available for 90 prostate cancer patients and 117 controls. 
The increased frequency of a positive test in prostate cancer patients 
compared with controls was statistically different in all cases. 
*P < 0.01. 
t/> < 0.001. 
tP < 0.025. 
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